Water, food and nutrition are three of the main factors that regulate the distribution and abundance of wildlife species in a given area. In Baja California Sur, Mexico, the bighorn sheep is one of the most appreciated species for its ecological and economic value within the peninsular desert ecosystem; however, many aspects of its biology, ecology and population status remain unknown. The objective of the present study was to evaluate the diet composition of the bighorn sheep, analyzing the seasonal use and availability patterns of the plant species consumed. Using two food selection indices, we tested the hypothesis that the bighorn sheep opportunistically selects plant species from its habitat in the southern zone of Sierra El Mechudo, Baja California Sur, Mexico. The vegetation was characterized by means of 50 linear transects measuring 100 m x 5 m (500 m 2 ). The diet of the bighorn sheep was evaluated through the microhistological analysis of feces. We calculated the percentage of in-vitro dry-matter digestibility and the digestible energy of forage consumed by sheep. The similarity of seasonal vs. annual diet was determined through a cluster analysis. From two food selection indices (Ivlev's electivity, Bonferroni), we estimated the proportion of use of plant species consumed by sheep to determine food preferences. In the habitat, we identified 21 families with 63 species in 2010 and 22 families with 50 species in 2011. Shrubs were the dominant forms. The analyses of faeces identified 47 species, consisting of 27 shrubs (62.1 %), 12 forbs (26.9 %), six trees (10.6 %), one succulent (0.2 %) and one unidentified species (0.1 %). The cluster analysis showed seven similar groups. Ivlev's and Bonferroni indices showed the selection of Bourrieria sonorae, Melochia tomentosa and Caesalpinia placida by bighorn sheep in 2010; in 2011, it selected Bursera epinnata, Caesalpinia placida and Larrea tridentata. Non-significant differences between seasons were observed regarding the composition of plant species in the diet. Shrubs were the dominant life forms, followed by trees and succulents. Shrubs were the preferred food foraged by sheep, accounting for 62.1 % of the diet; this finding is consistent with values reported for Arizona and California. Non-significant differences were observed in the percent in-vitro dry matter digestibility and digestible energy of the plant species foraged by sheep. However, we found that sheep grazed preferentially on four plant species, three shrubs and one tree, of high food quality. In this study, the bighorn sheep behaved like a specialist; therefore, we rejected the hypothesis that this species forages opportunistically on plant species. Studies on the diet of the bighorn sheep are valuable to develop management plans for the species and its habitat, since these provide information to better understand the extent of vegetation use and whether distribution sites are suitable and meet with the requirements for the conservation of the species and its populations.
Introduction
In desert areas, wild ungulates have developed effective strategies for the use of food resources, given the generally poor supply of high-quality resources; strategies are physiological (development of a digestive system that optimizes food processing) and behavioral (ability to select feeding grounds and food items; McNaughton 1986). In the particular case of the bighorn sheep, its large molars and digestive tract are an example of the physiological strategies allowing a better use and optimization of food resources (Rautenstrauch and Krausman 1989) .
The factors that affect the quality of the diet in wild herbivores are: food intake (search, structural defenses of plants), accessibility to nutrients (digestibility, fiber content, among others), and concentration of secondary compounds in plants (Nagy and Haufler 1987; Nagy 1987) . Two factors of the habitat with the strongest effect on the diet of wild ruminants are availability (quantity and accessibility) and quality of the plants consumed (nutritional content and digestibility; Ramírez-Lozano 2004) . Digestibility and digestible energy are considered to be key parameters that define the food quality of plants, and can vary significantly from one species to another due to climatic and seasonal factors (Di Marco 2011) .
In nature we can distinguish two types of feeding strategies in wild animals. On the one hand, specialists have developed morphological and metabolic abilities to exploit resources not available for generalists. On the other, generalists have adapted their physiology to exploit various food items that are constantly available and can be temporarily abundant (Jacksic 1989; Laca and Demment 1996; Allen et al. 2011) .
The desert subspecies of the bighorn sheep are opportunistic animals morphologically and physiologically adapted to graze, which can consume a large variety of plants, mainly grasses and forbs (Geist 1971; Cunningham 1989; DeYoung et al. 2000) . However, due to the dominance of shrubs and trees in the Sonoran Desert, sheep graze mainly on these two life forms (Krausman et al. 1989) . The bighorn sheep selects plant species with high protein content for maintenance and reproduction, as well as to cope with adverse weather conditions (Bailey et al. 1980) . For sheep, food and nutrient intake are two of the main factors that regulate their distribution and abundance in a given area (Tarango and Krausman 1997) .
The bighorn sheep (Ovis canadensis) is naturally distributed in the states of Baja California (O. c. cremnobates), Baja California Sur (O. c. weemsi) and Sonora (O. c. mexicana) . The historical distribution of this species reveals that there were resident populations in the states of Chihuahua, Coahuila and Nuevo Leon (Valdez and Krausman 1999) . Although in Baja California Sur, Mexico, the bighorn sheep is one of the most appreciated species for its ecological and economic value within the peninsular desert ecosystem, many aspects of its biology, ecology and population status still remain unknown.
During the past few years, several studies related to the bighorn sheep of Baja California Sur have focused on specific aspects of its particular habitat, including physical variables (Alvarez-Cárdenas et al. 2001) , topography (Guerrero-Cárdenas et al. 2003) , and structural elements (Alvarez-Cárdenas et al. 2009 ). However, some aspects related to food intake and nutrition are still unknown. The objective of the present study was to evaluate the diet composition of the bighorn sheep, analyzing the grazing patterns and seasonal availability of the plant species foraged. The testing hypothesis was that the bighorn sheep opportunistically selects some of the plant species in the habitat, taking as a study case the southern zone of Sierra El Mechudo, Baja California Sur, Mexico.
Materials and Methods
Study area. The study was carried out in the southern end of the Sierra El Mechudo, a mountainous area that borders the northern part of Bahía de La Paz, Baja California Sur. The site is known as El Junco, located within the ejido Ley Federal de Aguas Número Dos, 24° 24' 44.17" N and -110° 45' 9.10" W, covering an area of 117,578 ha (Figure 1) . 
DIET OF THE BIGHORN SHEEP
Topographically, the area is formed by a mountain ridge running parallel to Bahía de La Paz, in the eastern coast of the peninsula, and comprises numerous canyons and cliffs. The study area shows three types of vegetation (Alvarez-Cárdenas et al. 2009 ): 1) thorny shrubs (species of deciduous trees and shrubs with prominent thorns), in the highest parts, with species such as Pachycormus discolor, Lemaireocereus thurberi and Opuntia sp.; 2) thornless shrubs (small-leaved scrubs with no thorns), in hillsides and canyons, dominated by Lysiloma candida, Ruellia californica and Fouquieria diguetii, and 3) thornless shrubs -cardon cacti (association of different thornless species and thorny succulent species), in the lowest parts, dominated by Pachycereus pringlei and Prosopis glandulosa.
The climate is warm, dry desert (García 1988) , with mean annual temperature ranging between 22 and 35 °C, and mean monthly temperatures of 17.9 to 35.3 °C in January and August, respectively. The rainfall regime is characterized by summer precipitation, which peaks in September (SARH 1983) . Cyclical drought periods are common in the study area, and may last up to10 years (SARH 1983) .
During the study, maximum temperatures of 45 °C were recorded during the summer, with an average of 28 °C, with extremely scarce rainfall; this pattern occurred during the two years ( Figure 2) . Vegetation assessment. The vegetation (composition and structure) was evaluated each month using 50 linear transects measuring 100 m x 5 m (500 m 2 ), according to the procedures by MuellerDombois and Ellenberg (1974) and Bonham (1989) . The plant species were identified, recording the number of individuals, and coverage was measured (diameters and height of each individual). Samples of all plant species present in the sampling sites were collected to elaborate a reference catalog for the microhistological analyses (Peña and Habib 1980) . Diversity was determined considering species richness and the number of individuals of each plant species in each transect using the Shannon-Wiener index (Magurran 1983) . Collection of feces and analysis of the diet. The plant composition of the sheep diet was determined annually (2010 and 2011) and seasonally (spring, summer, autumn and winter) using the microhistological technique, which identifies epidermis fragments of plants found in sheep feces based on the reference material (Sparks and Malechec 1968; Peña and Habib 1980) . In each station, 30 to 40 fecal samples were collected monthly at random in sites where sheep were most active, as suggested by Anthony and Smith (1974) .
From each group of fecal samples collected by station, five were chosen at random, and from this subgroup five slides of composite samples were prepared for each season of the year. A metallic slide with orifices of approximately 7 mm in diameter was used to maintain a homogeneous sample size. Subsequently, the species identified were classified according to order of importance (frequency of occurrence) in the diet, temporal variation and life form (shrub, tree, forb or grass and succulent). In each slide, 20 microscopic fields were observed at 100x magnification, identifying and quantifying the plant fragments observed. The cumulative frequency was obtained (F = 1 -e -x , where F is frequency, e is the base of natural logarithms, and x is mean density), which was transformed to relative density for each season of the year (Peña and Habib 1980; Gallina 2012) .
The percent contribution of each plant species was calculated. The species richness and diversity in the diet was calculated by season of the year through the Shannon-Wiener index (Magurran 1983; Moreno 2001) . For each plant species found in sheep feces, the percentage of invitro dry matter digestibility (IVDMD; Caddel and Allen 2000; Schroeder 2012 ) using the following equation: % IVDMD = 88.9 -(0.779* % FDA), as well as the digestible energy content (DE = Mcal/ kg DM), using the formula suggested by Jurgen (2002) and Jones et al. (2010) ; DE = 4.618 -0.0573 (* FDA). Where Mcal = Mega calories per kilogram dry matter (dry matter is equal to plant weight minus its water content). Statistical analysis. From a hierarchical analysis (cluster) of groups, the similarity of IVDMD and DE values was calculated for the plant species consumed by sheep each season. This analysis used the Pvclust R package (Suzuky 2014).
x 2 tests were carried out to test for significant differences between years with respect to the plant species consumed by sheep, considering the richness of species consumed, percent relative density by species, percent IVDMD, and DE. These analyses were undertaken using the statistics program SPSS Statistic 0.20 (SPSS Inc., Chicago IL).
The selection of forage species by sheep was determined based on two analyses: First, Ivlev's electivity index (ISI; Strauss 1979) , which relates in a simple way the proportion of each resource used and the proportion of the same resource in the habitat. ISI = (r i -n i )/(r i +n i ). Where: r i is the percentage of the species i in the diet, and n i is the percentage of the species i in the available vegetation. According to Stuth (1991) , plant species were classified into three selectivity categories: preferred (> 0.35), proportional (-0.35 to 0.35) and avoided (< -1.0). Second, from a x 2 goodnessof-fit test, which evaluated significant differences between expected use of each vegetation type (based on percent availability) and observed use (percent consumption). When the x 2 test shows differences between expected vs observed use, Bonferroni's confidence intervals are calculated (Byers et al 1984) . These intervals were used to determine what plant species are being: a) selected, if the observed use is above the calculated interval (positive sign), b) avoided, if the observed use is below the calculated interval (negative sign), or (c) used according to availability, if the use observed falls within the estimated interval (equal sign; Marcum and Loftsgarden 1980; Byers et al. 1984) . In the spring, summer and autumn 2010, the average richness was 45 species, which rose to 57 in winter. In summer and autumn 2011, 33 species were found, contrasting with only 24 in spring; however, species richness increased to 47 in winter. Annually, richness was 63 species in 2010: 31 shrubs (59.2 %), 12 trees (16.4 %), 12 succulents (13.6 %) and six forbs (10.8 %). Ruellia californica (12.0 %) and Jatropha cuneata (11.1 %) showed the largest number of individuals. In 2011, richness was 50 species: 22 shrubs (61.0 %), 14 trees (17.3 %), 11 succulents (17.0 %), and three forbs (4.7 %); Jatropha cuneata (15.2 %) and Caesalpinia placida (10.0 %) were the dominant shrubs and had the largest number of individuals. Diversity was minimum in spring 2011 (H' = 3.2) and maximum in winter 2010 (H' = 4.0). Evenness in the two years was J' = 0.85. Diet. The analysis of feces allowed the identification of 47 plant species in the two years of the study, composed mainly by 27 shrubs (62.1 %), 12 forbs (26.9 %), six trees (10.6 %), one succulent (0.2 %), and an unidentified species (0.1 %). Altogether, the shrubs Caelsalpinia placida (7.5 %), Melochia tomentosa (6.8 %) and Condalia globosa (5.7 %) showed the highest relative density, followed by two grasses, Aristida adscencionis (9.5 %), and Bouteloua aristidoides (6.0 %).
Results

Vegetation
Annually, sheep fed on 34 species of 21 Families in 2010: 21 shrubs (61.6 %), nine forbs (32.9 %) and four trees (5.5 %). The dominant species in the diet were Aristida adscencionis (12.2 %), Caelsalpinia. placida (7.7 %), Condalia globosa (7.2 %), and Croton caboensis (6.2 %). An increase was observed in 2011, with 39 species of 22 families: 23 shrubs (64.1%), eight forbs (21.3 %), six trees (14.2 %), one succulent (0.3 %), and one unidentified species (0.1 %).
The grass A. adscencionis (7.8 %) and the shrubs C. placida (7.4 %), Melochia tomentosa (7.1 %) and Larrea tridentata (6.1 %) were the species with the highest relative density. The trophic diversity showed no significant changes between years, with H' values between 2.8 and 3.2, and an evenness J' of 0.85 to 0.90 in the two years. The mean IVDMD in the two years was 68.2 %. Particularly in the winter 2010, the shrub Viscainoa geniculata showed the highest digestibility value, 71.8 %, while in summer and winter 2011 Opuntia cholla (succulent) obtained similar values, 71.6 % in both cases. On average, the contribution of digestible energy during the two years was 2. Table 2 ).
Discussion
Vegetation. The results of this study showed a minimum variation of the species found each year, although a higher diversity was observed in 2011 vs. 2010. In contrast, the number of species was higher during 2010; this was likely influenced by the lack of precipitation during this study ( Figure  2) , indicating a prolonged drought, which in general affected the entire state of Baja California Sur, and probably was a determining factor in the distribution and abundance of vegetation. Hansen (1980) points out that the low rainfall in the deserts of North America leads to an unpredictable distribution of vegetation in general. During the study, the plant cover observed was dry and decaying, and open sites devoid of vegetation were observed. Similar results were found in southern Arizona, when studying the diet of the mule deer in natural and rural areas. In Arizona, high temperatures and lack of rain were recorded, factors that directly affected the metabolism of plants, drying them up over a short period of time (Alcala-Galvan and Krausman 2012). In addition, these authors claim that rainfall directly affects the availability and quality of vegetation. Another important event associated with the lack of rainfall was the scarce presence and proliferation of grasses and herbaceous species, so that the higher abundance of species recorded in our study corresponded to shrubs, which dominate in the study area and in general across Sierra El Mechudo. Then, the evaluation of vegetation in the habitat where the bighorn sheep is distributed, along with plant composition and cover, are two useful parameters to predict areas of importance as feeding and shelter grounds (Hansen 1980) . Diet. The diet of sheep in the two years of study included 47 plant species, mainly shrubs (62.1 %), followed by forbs (26.9 %) and trees (10.6 %). Similar results were recorded in the Sonoran Desert, with shrubs achieving the highest consumption (47.5 %), followed by forbs and succulents (Tarango et al. (2002) .
Table1 (Cont'd).
Station
A study conducted in the northern peninsula of Baja California reports that the diet of sheep consisted of 43 % grasses, 33 % shrubs (including cacti) and 24 % forbs (Sánchez 1976). In the same year, but in the southern part of the peninsula, the same author mentions that sheep consumed 53 % grass, 23 % shrubs, 17 % forbs and 7 % unidentified matter. The type of vegetation and Table 2 . Selection values (Ivlev´s and Bonferroni) of plant species consumed by the bighorn sheep. The selectivity index (Ivlev´s) was interpreted into three categories: preferred (S) (> 0.35), proportional (P) (-0.35 to 0.35) and avoided (E) (-1.0). Bonferroni intervals show which plant species are being selected, avoided or used according to their availability in the environment; selection (+), avoided (-) and use according to their availability (=). Expected Use = EU, Observed Use = OU, Lower Limit= LL, Upper Limit = UL. climate in the latter study are similar to those in our study area. Investigations on the diet of sheep in the Rocky Mountains, in the northern part of the U. S. A., found similar results, where grasses and forbs dominate the preferred plant species eaten (Brown et al. 1977; Seegmiller and Ohmart 1981) . This contrasts with our results, where only two grass species were present in the diet of the bighorn sheep in all seasons and in smaller proportion than shrubs. The desert bighorn sheep eats an average of up to 110 plant species in arid zones during two or three years (Browning and Monson 1980) . While in areas of northern United States and southern Canada, the Rocky Mountain sheep feeds on up to 200 plant species (Brown et al. 1977; Seegmiller and Ohmart 1981) ; in Arizona, 58 species (Krausman et al. 1989); in California, 32 species (Seegmiller and Ohmar (1981) ; and in Sonora, Mexico, 41 species (Tarango et al. (2002) ; the latter results are similar to those found in our study, with 34 to 39 plant species eaten per year.
Shrubs were the life forms with the highest frequency in the diet during the two years of the study. The reason for the preference for shrubs in this study partly lies in the fact that these are perennial plants and represent food items that are available throughout the year. In addition, wild ungulates consume more shrubs and trees in spring and summer because these life forms contain more digestible nutrients, which become available as buds start to grow (Bolen and Robinson 2002; McNaughton 1986) .
With regard to the seasonal diet, the summer 2011 showed the greatest contribution of species consumed (n = 32), coinciding with the study by Brewer and Harverson (2007) on sheep in the Texas desert. The authors state that the highest consumption occurs in the summer and remains until the end of the autumn under normal rainfall conditions.
In general during all seasons, a similar contribution of plant species was observed, with a slight variation between seasons, and plant diversity was relatively constant throughout the years, with 2.8 in 2010 and 3.3 in 2011. This contrasts with the findings reported by Tarango et al. (2002) , where the mean diversity in the diet varied between 0.47 and 0.51, considered as a low value by the authors, that was attributed to the lack of rainfall during their study.
In the present study, low values were found in the consumption of plant species in autumn, and although the weather conditions were not particularly harsh (32 to 36 °C), plants began to dry up, becoming less palatable for sheep. However, the number of species consumed increased in winter, likely because weather improves significantly in this season (temperature decreases from 45 °C to 30 °C), representing better conditions for sheep. This situation induces sheep to move about for longer periods, hence consuming a higher number of plant species and seek individual species (Brewer and Harverson 2007) . Dietary Preferences. In our study, not all plant species were consumed in proportion to their availability, since we found differences between availability and consumption of plant species. In 2010, sheep fed on 17 species out of the 63 that were recorded. In 2011, the number of species consumed remained unchanged (17) out of 50 species available. These results may be due to the fact that the evaluation of the vegetation failed to include all species, given the great extension of the study area, and to the fact that during the collection of feces it was impossible to access some sites where sheep were observed due to the difficult terrain.
The differences in the diet of sheep are also attributable to the movements during the day, since animals cover a distance of up to 20 km in a single day (Cuninham and Ohmart 1986) . During these movements, animals feed in different sites on a variety of plant species and life forms. In addition to the likely explanations just mentioned, sheep used the different types of food not necessarily according of their availability; this consumption pattern may also be associated with certain characteristics of the plants eaten, such as digestibility, variety of nutrient content, palatability and texture (Krausman et al. 1989) . Bailey (1980) ; Browning and Monson (1980) ; Krasuman et al. (1989) pointed out that the adaptations of the desert sheep have enabled it to colonize and survive in sites with relatively scarce vegetation. This suggests that sheep has no preference for any particular type and feeds on whatever food types are available; for this reason, the bighorn sheep has been considered to be an opportunist. However, our analysis of food selection indicated that sheep do select at least three plant species each year of study, according to the two indices used (Bonferroni and Ivlev). These plant species have acceptable digestibility values, a likely explanation of their being preferred. The above is consistent with the results reported by Martinez (2010) , who mentions that the selectivity of certain types of food by wild ungulates is related to the energy and nutritional requirements according to the physiological status of the animals.
In this study, it was found that sheep selected Caesalpinia placida and Melochia tomentosa during the autumn 2010 and winter 2011, but preferred Larrea tridentata in winter and spring 2011. These species show good-quality digestibility values, according to figures reported by Caddel and Allen (2000) ; Di Marco (2011); Schroeder (2012) and Minson (1990) , who indicate that plant species of good forage quality for wild ruminants must have an IVDMD value of 50 %; alternatively, they consider that a high-quality forage have an IVDMD value of approximately 70 %; by contrast, forage types with IVDMD values below 50 are considered to be low-quality food.
Furthermore, the selection of those species may be due to that at least two of them (C. placida and L. tridentata) were found with the highest abundance, being dominant species in the area. On the other hand Croton caboensis, Lysiloma candida and Viscainoa geniculata were the species with the greatest contributions in terms of digestible energy in all seasons, with 3.1 to 3.3 Mcal/kg DM, and although these were not preferentially selected, were consumed in a proportion equal to their availability. This may be due to the fact that the bighorn mating season takes place in summer and autumn, leading to the first births in winter, which induces animals to feed on plant species with high digestibility values that provide energy during these periods.
In general, digestible energy was low relative to forage consumed by sheep in the Rocky Mountains in northern USA (2.12-2.80 Mcal/kg DM vs. 10.4-8.70 Mcal/kg DM, respectively; Shank 1982) . On the other hand, the digestibility of forage consumed by sheep in California varied from 33.4 % to 38.7 % and 21.5 % to 75.3 % within a single year (Rominger et al. 1988; Rominger et al. 1988) . The proportion of the grass Aristida adecencionis was higher (66.8 %) in the winter, while the shrub Atriplex hymenelytra reached levels of 69.9 % to 75.3 % in all seasons. These food types are of good quality for sheep, as they meet its daily energy requirement. The digestible energy of the different plant species consumed by the white tail deer in Nuevo Leon is obtained throughout the different seasons of the year, with the lowest intake in the summer (1.99 Mcal/kg DM) and peak values in winter (2.15 Mcal/kg DM; Ramírez-Lozano 2004), which are sufficient to fulfill the maintenance requirements of deers. In our study, the digestible energy levels recorded are consistent with those reported in study on deer, ranging from 1.61 to 2.45 Mcal/kg DM, which fulfill at least the energy requirements for the daily maintenance of the bighorn sheep throughout the year.
In this study, the bighorn sheep behaved as a specialist. Therefore, we rejected the hypothesis that sheep consume plant species opportunistically. This is due to the finding that sheep did not feed on the various plant species in proportion to their availability. It was noted that as the availability of forage with high digestibility and digestible energy decreases (mainly shrubs), the bighorn sheep incorporates other available species into its diet in spite of their lower IVDMD and DE levels.
The plant species selected as food items by sheep in its diet may vary in the different seasons, depending on their availability and abundance. The bighorn sheep can behave either as a specialists or as a generalist, and environmental conditions usually determine the availability and consumption of food types (Martínez 2010) .
The studies on the diet of the bighorn sheep are valuable for the development of management plans for this species and its habitat, since it allows to understand the degree of utilization of the vegetation and whether it fulfills the requirements for the survival of the bighorn sheep and their populations.
